
Neuroquantology | Sep  2025 | Volume 23 | Issue 8 | Page 304-313| Doi: 10.48047/nq.2025.23.8.nq25025 
Dr. Sachin K, Diagnostic Role of  3 Tesla MRI With MR Spectroscopy in Differentiating Intracranial Ring-Enhancing 

Lesions: A Prospective Observational Study 

Original Research Article 

EISSN 1303-5150                                                                                                                            www.neuroquantology.com 

 

           

          

304 

Diagnostic Role of  3 Tesla MRI With MR Spectroscopy in Differentiating 

Intracranial Ring-Enhancing Lesions: A Prospective Observational Study 

 

Dr. Sachin K.1, Dr. Waquar A.2*, Dr. Sana3, Dr. Jahangir S.A.4, Dr. Nishat5, Dr. Nadeem A.6, 

Dr. Namra M.7, Dr. Shahbaz M.8 

 

1Professor & Hod, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
2Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
3Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
4Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
5Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
6Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
7Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 
8Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College and Hospital, 

Lucknow, Uttar Pradesh, India. 

 

Corresponding Author 

Dr. Waquar A., Junior Resident, Department of Radiodiagnosis, Era’s Lucknow Medical College 

and Hospital, Lucknow, Uttar Pradesh, India. 

 

ABSTRACT 

 

Aim 

To evaluate the role of 3 Tesla MRI with MR Spectroscopy (MRS) in differentiating intracranial 

ring-enhancing lesions (RELs). 

Methods 

A prospective observational study was conducted over 18 months period at a tertiary care hospital 

in Lucknow. Seventy patients with clinically suspected ring enhancing lesions underwent 3T MRI 

and MR Spectroscopy. Imaging findings were assessed for morphology, distribution and metabolic 

profiles (choline, creatine, N-acetylaspartate [NAA], lactate, lipid). Radiological and 

spectroscopic results were correlated with clinical presentations. 

Results 

Most patients were ≤20 years (40%). Females slightly outnumbered males (52.9%). Seizures with 

fever were the most frequent presentation (50%). Tuberculoma (34.3%) and neurocysticercosis 

(32.9%) were the leading etiologies, followed by neoplasms (20%). Lactate (45.7%) and lipid 

(41.4%) peaks were the most common abnormal metabolites, while reduced NAA was observed 

in 48.6%. The addition of MRS enhanced the accuracy of distinguishing infectious from neoplastic 

etiologies. 
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Conclusion 

3T MRI combined with MR Spectroscopy enhances diagnostic accuracy in intracranial RELs, 

particularly in distinguishing tuberculoma from neurocysticercosis and neoplastic from non-

neoplastic causes, thus guiding appropriate management. 

Keywords: Ring-enhancing lesions, MR Spectroscopy, Tuberculoma, Neurocysticercosis, Brain 

neoplasms. 

 

 

INTRODUCTION 

Ring-enhancing lesions (RELs) of the brain represent a frequent radiological finding and can arise 

from a wide spectrum of conditions, including infections (such as tuberculomas, 

neurocysticercosis, and abscesses), neoplasms (glioblastomas, metastases), demyelinating 

disorders, and vascular pathologies. On conventional MRI, many of these entities share 

overlapping imaging features, making precise diagnosis difficult.(1) In the Indian subcontinent, 

infectious causes such as tuberculomas and neurocysticercosis are most prevalent, while neoplastic 

lesions are more frequently encountered in Western countries.(2) 

Although conventional MRI provides valuable structural information, it often lacks the 

specificity needed to reliably distinguish between morphologically similar lesions.(3) Advanced 

techniques like MR Spectroscopy (MRS) help overcome this limitation by analyzing biochemical 

profiles. Characteristic metabolite signatures such as lipid–lactate peaks in tuberculomas, amino 

acid peaks in abscesses, and elevated choline with reduced N-acetylaspartate (NAA) in neoplastic 

lesions improve diagnostic confidence.(4–6) The availability of high-field 3 Tesla MRI has further 

enhanced accuracy by offering superior signal-to-noise ratio and spatial resolution compared to 

1.5T systems.(7) 

The present study investigates the diagnostic value of 3T MRI combined with MR 

Spectroscopy in differentiating intracranial ring-enhancing lesions, with the aim of improving 

accuracy and guiding appropriate therapeutic strategies. 

 

 

MATERIALS AND METHODS 

This prospective observational study was conducted in the Departments of Surgery and 

Radiodiagnosis at a tertiary care hospital in Lucknow, between May 2023 and November 2024. A 

total of seventy patients presenting with clinical suspicion of ring-enhancing lesions were included. 

Patients with seizures, focal neurological deficits, raised intracranial pressure, or incidentally 

detected RELs were enrolled irrespective of age and sex, while those with contraindications to 

MRI such as pacemakers, metallic implants, or severe claustrophobia were excluded.  

All MRI examinations were performed on a 3 Tesla Siemens Magnetom Vida® scanner 

using standard sequences including T1-weighted, T2-weighted, FLAIR, diffusion-weighted 

imaging, and contrast-enhanced T1-weighted imaging. In addition, single-voxel MR spectroscopy 

was performed to assess metabolite peaks such as choline, creatine, N-acetyl aspartate (NAA), 

lactate, and lipid. Institutional Ethics Committee approval was obtained prior to the 

commencement of the study, and written informed consent was secured from all participants.  

 

Statistical Analysis 

Data were analyzed using SPSS version 26, with qualitative variables expressed as frequencies 

and percentages and quantitative variables as mean ± standard deviation. Statistical comparisons 

were carried out using the Chi-square test for categorical data and Student’s t-test for continuous 

data, with a p-value <0.05 considered statistically significant. 
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RESULTS 

This prospective study included seventy patients with intracranial ring-enhancing lesions. The 

mean age was 29.1 ± 17.7 years (range 3–75 years), with a clear preponderance in the younger age 

group—40% were ≤20 years, followed by 27.1% in the 21–35 years range. Elderly individuals 

(>65 years) were infrequent (4.3%). A slight female predominance was observed, with females 

constituting 52.9% of cases compared to 47.1% males. 

Clinically, seizures associated with fever were the most frequent presenting complaint, 

occurring in half of the patients (50%), while vomiting with seizures was the next common pattern 

(17.1%). Headache combined with vomiting and seizures was reported in 8.6% of cases, whereas 

isolated seizures and memory impairment were seen in only 1.4% each. Interestingly, 10% were 

asymptomatic and their lesions were detected incidentally. 

On MRI assessment, 61.4% demonstrated unilateral involvement, whereas 35.7% showed 

bilateral lesions. With respect to lesion number, a few (2–3 lesions) were most frequent (44.3%), 

followed by multiple (>3) in 27.1% and solitary lesions in 28.6%. Etiological classification 

revealed tuberculomas (34.3%) and neurocysticercosis (32.9%) as the predominant categories, 

consistent with trends reported in Indian populations (2,8). Neoplasms comprised 20% of cases, 

while granulomatous lesions (7.1%), abscesses (2.9%), and demyelinating disorders (2.9%) were 

less frequent.[Table 1, 2,3] 

Spectroscopic analysis demonstrated distinct metabolic signatures. Reduced N-

acetylaspartate (48.6%), lactate peaks (45.7%), and lipid peaks (41.4%) were the most common 

findings. Elevated choline peaks (41.4%) with choline/creatine ratios >1.1 (20%) were strongly 

associated with neoplastic processes (4,5). Amino acid peaks were rarely observed (1.4%), but 

when present, were specific for abscesses. Subgroup analysis showed that neurocysticercosis 

consistently displayed reduced NAA [Image 3] without lipid or lactate peaks, whereas 

tuberculomas [Image 2] exhibited lipid–lactate peaks in 95.8% of cases. In neoplasms, all cases 

showed raised choline with reduced NAA, and two-thirds additionally demonstrated lactate peaks. 

Abscesses [Image 1] were distinguished by lipid and amino acid peaks with suppressed NAA, 

while demyelinating lesions were characterized by NAA reduction, sometimes accompanied by 

mild choline elevation, but lacking lipid–lactate signatures.[Table 4] 

When diagnostic accuracy was analyzed, MRS performed with high reliability. For 

tuberculomas, sensitivity and specificity were 93.5% and 100%, respectively. Neurocysticercosis 

showed a concordance of 91.7%, while neoplasms [Image 4] were identified with 92.8% 

sensitivity and 100% specificity. Less frequent conditions such as abscesses and demyelinating 

lesions demonstrated complete agreement between MRS and final diagnosis. Importantly, cases 

that appeared indeterminate on conventional MRI (7.1%) were more definitively characterized 

after metabolic profiling, thereby reducing diagnostic ambiguity (3,6,8).[Table 5, 6, 7, 8, 9, 10] 

Overall, these findings highlight that the integration of 3T MRI with MRS significantly 

refines the characterization of ring-enhancing lesions. By providing both morphological and 

metabolic insights, it facilitates more accurate differentiation of infectious from neoplastic causes, 

consistent with earlier reports emphasizing the complementary role of spectroscopy in clinical 

practice (7,9,10). 

 

Radiological Findings No. of cases (n=70) percentage 

Tuberculoma 24 34.3 

Neurocysticercosis 23 32.9 

Neoplastic 14 20.0 

Undecisive Granulomatous lesion 5 7.1 

Abscess 2 2.9 

Demyelinating disease 2 2.9 

Table 1: Radiological findings after incorporating MRS with MRI 
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Neurocysticercosis 3 6 0 3 

<0.001 

Tuberculoma 1 24 1 5 

Neoplastic 11 6 1 0 

Undecisive Granulomatous lesion 0 2 0 3 

Abscess 2 0 0 0 

Demyelinating disease 0 2 0 0 

Table 2: Findings on T1 sequence on MRI in various ring-enhancing lesions of brain 
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Neurocysticercosis 6 4 0 2 

0.433 

Tuberculoma 15 11 1 4 

Neoplastic 12 5 1 0 

Undecisive Granulomatous lesion 0 3 0 2 

Abscess 2 0 0 0 

Demyelinating disease 2 0 0 0 

Table 3: Findings on T2 sequence on MRI in various ring-enhancing lesions of brain 
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Neurocysticercosis 

(n=23) 
12 (52.2) 0 (0.0) 0 (0.0) 23 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) <0.001 

Tuberculoma (n=24) 0 (0.0) 
23 

(95.8) 

23 

(95.8) 
1 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) <0.001 

Neoplastic (n=14) 
14 

(100.0) 
9 (64.3) 5 (35.7) 6 (42.8) 0 (0.0) 0 (0.0) 

14 

(100.0) 
<0.001 

Undecisive 

Granulomatous lesion 

(n=5) 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (100.0) 0 (0.0) 0.979 

Abscess (n=2) 1 (50.0) 0 (0.0) 1 (50.0) 2 (100.0) 1 (50.0) 0 (0.0) 0 (0.0) <0.001 

Demyelinating 

disease (n=2) 
2 (100.0) 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.203 

Table 4: Metabolites on MR Spectroscopy in various Ring-enhancing lesions of the brain 
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MRS diagnosis 
Final diagnosis 

Total 
Neurocysticercosis Non-Neurocysticercosis 

Neurocysticercosis 11 (91.7) 1 (8.3) 12 (17.1) 

Non-Neurocysticercosis 0 (0.0) 58 (100.0) 58 (82.9) 

Total 11 (15.7) 59 (84.3) 70 (100.0) 

Table 5: Diagnostic efficacy of MRS against final diagnosis of Neurocysticercosis on follow-

up 

 

MRS diagnosis 
Final diagnosis 

Total 
Tuberculoma Non-Tuberculoma 

Tuberculoma 29 (93.5) 2 (6.5) 31 (44.3) 

Non-Tuberculoma 0 (0.0) 39 (100.0) 39 (55.7) 

Total 29 (41.4) 41 (58.6) 70 (100.0) 

Table 6: Diagnostic efficacy of MRS against final diagnosis of tuberculoma on follow up 

 

On MRS diagnosis 
Final diagnosis 

Total 
Neoplastic Non-neoplastic 

Neoplastic 13 (92.8) 1 (7.2) 14 (20.0) 

Non-neoplastic 0 (0.0) 56 (100.0) 56 (80.0) 

Total 13 (18.6) 57 (81.4) 70 (100.0) 

Table 7: Diagnostic efficacy of MRS against final diagnosis of neoplastic on follow up 

 

MRS diagnosis 

Final diagnosis 

Total Undecisive 

Granulomatous lesion 

Non-granulomatous 

lesion 

Granulomatous lesion 5 (100.0) 0 (0.0) 5 (7.1) 

Non-Granulomatous lesion 0 (0.0) 65 (100.0) 65 (92.9) 

Total 5 (7.1) 65 (92.9) 70 (100.0) 

Table 8: Diagnostic efficacy of MRS against final diagnosis of Undecisive Granulomatous 

lesion on follow up 

 

On MRS diagnosis 
Final diagnosis 

Total 
Abscess Non-Abscess 

Abscess 2 (100.0) 0 (0.0) 2 (2.8) 

Non-Abscess 0 (0.0) 68 (100.0) 68 (97.2) 

Total 2 (2.8) 68 (97.2) 70 (100.0) 

Table 9: Diagnostic efficacy of MRS against final diagnosis of Abscess on follow up 

 

MRS diagnosis 
Final diagnosis 

Total 
Demyelinating disease Non-Demyelinating disease 

Demyelinating disease 2 (100.0) 0 (0.0) 2 (2.8) 

Non-Demyelinating disease 0 (0.0) 68 (100.0) 68 (97.2) 

Total 2 (2.8) 68 (97.2) 70 (100.0) 

Table 10: Diagnostic efficacy of MRS against final diagnosis of Demyelinating disease on 

follow-up 
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Figure 1: A case of abscess showing ring enhancement with true restriction on diffusion 

and amino acid peak at 1.0ppm on MRS 
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Figure 2- A case of tuberculoma showing well defined conglomerated ring enhancing 

lesion with mild perilessional edema in right parieto-occipital region . MRS shows lipid 

lactate peak at 1.3 ppm 
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Figure 3- A case of NCC showing well defined rounded rounded ring enhancing lesion in 

right parietal region showing rNAA peak  at 2.0 ppm on MRS 
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Figure 4- A case of high grade glioma showing well-defined multilobulated lesion 

showing post contrast enhancement with restriction on diffusion the lesion is 
crossing midline noted in left peri trigonal region extending up to left parieto-

temporo-occipital region . On MR Spectroscopy the lesion is showing significant 
choline peak at 3.0 ppm 

 

 

DISCUSSION 

Our results suggest that incorporating 3T MRI with MRS markedly enhances the differentiation 

of intracranial RELs. Tuberculoma and neurocysticercosis were identified as the most frequent 

etiologies, which aligns with previous studies conducted in the Indian population.(2,8) The 

metabolic patterns observed were highly characteristic—lipid–lactate peaks in tuberculomas, 

amino acid peaks in neurocysticercosis, and elevated choline with reduced N-acetylaspartate 
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(NAA) in neoplastic lesions.(4,5) 

Previous research has shown that combining spectroscopy with diffusion and perfusion 

improves diagnostic confidence, and our findings support this trend..(3,6,8) More recent 

investigations have further emphasized the value of MRS in distinguishing glioblastomas from 

metastatic lesions, particularly when using choline/NAA ratios and perfusion-based 

parameters.(7,9) 

Overall, our results confirm that integrating MRS with high-field 3T MRI provides a 

significant diagnostic advantage over conventional imaging alone. This non-invasive strategy has 

the potential to reduce the reliance on biopsy in uncertain cases, thereby supporting more accurate 

diagnosis and optimized patient management.(10) 

 

 

CONCLUSION 

3 Tesla MRI in combination with MR Spectroscopy provides a substantial diagnostic advantage 

in the evaluation of intracranial ring-enhancing lesions. By integrating structural imaging with 

metabolic profiling, it improves differentiation between infectious and neoplastic etiologies and 

supports timely and appropriate treatment decisions. 
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